We investigate the neutralino dark matter in the focus point gaugino mediation model with the O(100) GeV gravitino. The thermal relic abundance of the neutralino with a sizable Higgsino fraction can explain the dark matter density at the present universe. The spin-independent cross section is marginally consistent with the current upper limit from the XENON 100 experiment, and the whole parameter region can be covered at the XENON1T experiment. We also discuss the origin of the gluino mass to wino mass ratio at around 3/8, which is crucial for the mild finetuning in the electroweak symmetry breaking sector. It is shown that the existence of the non-anomalous discrete R-symmetry can fix this ratio to 3/8.
A gaugino medition model [1] was proposed motivated by Linde's adiabatic solution to the Polonyi problem [2, 3] . This gaugino mediation model is very attractive, since the electroweak symmetry breaking (EWSB) scale can be naturally explained when the ratio of gluino to wino mass is set at a certain value [4] ;
1 the EWSB scale becomes insensitive to the gaugino mass scale, i.e., the SUSY breaking scale. This behavior is similar to that of the focus point scenario [6] , where the generated EWSB scale is not affected significantly by the change of the universal scalar mass m 0 , provided that m 0 is much larger than gaugino masses.
2
In this gaugino mediation model the gravitino mass is assumed to be m 3/2 = O(10)
GeV and hence the decay of the next lightest SUSY particle (NLSP) occurs during or after the Big Bang Nucleosynthesis (BBN) and it destroys light elements produced by the BBN. Therefore, we have introduced ad hoc R parity violation such that the NLSP decays into the standard model (SM) particles before the BBN [8] . The assumption of the light gravitino of mass O(10) GeV is based on the adiabatic solution [3] to the Polonyi problem; the self-couplings of the Polonyi field and couplings to gauginos are assumed to be enhanced, inducing large gaugino masses.
However, it has been, recently, found that the Polonyi problem can be easily solved by a simple extension of the Polonyi superpotential [9] and hence we can introduce the Polonyi field without causing the cosmological Polonyi problem. Therefore, we do not need to invoke the adiabatic solution and hence the gravitino mass can be taken as O(100) GeV mass. In this letter we discuss this new possibility where the gravitino mass is in a region of 300 − 600 GeV.
The reason why we choose the above gravitino mass region is to avoid overproduction of the gravitino in the early universe (see [10] ). The mass region of 300 − 600 GeV is known to be consistent with the BBN if the reheating temperature T R 10 6 GeV [10] which is almost the lower bound of the reheating temperature for the leptogenesis [11, 12] .
We first show that we still keep the focus point parameter space where only a quite mild fine tuning ∆ 100 (the definition of ∆ is given later) is required for the electroweak symmetry breaking even with the gravitino mass of 300 − 600 GeV. Second, we point out that the thermal relic abundance of the bino-Higgsino dark matter (DM) explains the observed DM density in the focus point region. The mass and the scattering cross section of the DM is marginally allowed by the XENON100 experiment [13] . Therefore, we can exclude or confirm the present model in near future DM detection experiments. We also comment on IceCube experiment, which gives a constraint on the spin-dependent cross section stronger than that from XENON100 [14] . Finally, we discuss the origin of the gluino to wino mass ratio at around 3/8, relaxing the fine-tuning in the EWSB sector.
2 The focus point gaugino mediation with m 3/2 = O(100) GeV
In the minimal supersymmetric standard model (MSSM), the electroweak symmetry breaking (EWSB) can be explained dynamically; the EWSB is triggered by the SUSY breaking through radiative corrections mainly from top/stop loops. In the focus point gaugino mediation [4] The EWSB scale is determined by minimization conditions of the Higgs potential: 
The experimental value is mẐ ≃ 91.2 GeV [19] . Note that rather large tan (10) 
The ratios of the gaugino mases, r 1 and r 3 , are fixed by more fundamental high energy physics. With these GUT scale parameters, the up-type Higgs soft mass squared at the soft mass scale can be written as
using two-loop renormalization group equations [20] . Here, we take tan β = 20 and m t = 173.2 GeV. Notice that m 
In addition, we estimated the theoretical error as ∆m h = |m 124.3
Notice that the Higgs boson mass is about 1 GeV larger than the universal gaugino mass case for the fixed gluino mass, because the induced tri-linear coupling of stops is relatively large. Now, we consider the sensitivity of the EWSB scale by M 1/2 . We take the fine-tuning measure as [31] 
where µ 0 is the Higgsino mass parameter at the GUT scale. The sensitivity of µ 0 is approximately given by
This is because µ is a SUSY invariant parameter and it is rather stable under radiative corrections. Notice that we can neglect ∆ m 0 (see Eq. (3)). In Fig. 3 , the contours of ∆ and the Higgsino mass parameters are shown. The change of the bino mass parameter does not affect ∆ so much. We find that the Higgsino mass is smaller than 500 GeV for almost all region with ∆ < 100, and hence, it can be discovered at the ILC. 
Mixed DM of Bino and Higgsino
In our gaugino mediation model, the bino-like lightest neutralino can be a candidate for DM; The small ∆ 100 requires the light Higgsino as shown in Fig. 3 . Here, the wino is as heavy as gluino. On the other hand, the bino mass can be taken small keeping ∆ 100 as long as r 1 ∼ 0. it is required to satisfy the experimental value [19] Ω CDM h 2 = 0.111 ± 0.006 (1σ),
where h is the normalized Hubble parameter at the present universe. The contours of ∆ and the blue strips where the relic abundance of the lightest neutralino is Ω χ 0 1 h 2 ≃ 0.11 are shown in Fig. 4 and 5 for different r 3 and m 0 . On the blue strips close to the regions where the stau is LSP, the stau-neutralino coannihilation is effective to reduce the abundance, other viable regions are simply due to the sizable Higgsino fraction.
In the case that χ 0 1 has a large enough Higgsino fraction, the cross section between the neutralino and nucleon tends to be large and a part of the parameter space is already excluded by the XENON100 experiment. When the abundance of the neutralino is reduced by the coannihilation mechanism with a stau, the fraction of the Higgsino is somewhat small. However, the mixing between the bino and Higgsino is still sizable and can be covered by XENON1T experiment [33] .
XENON 100
The region where the χ In Fig. 4 , we show the contours of the SI cross sections in the unit of 10 −45 cm 2 . In the calculation, we use micrOMEGAs package and the strange quark content of the neucleon is taken as f s = 0.009 which is the result of the recent lattice calculation [34] . With f s ≃ 0.26 (default value of the micrOMEGAs), the SI cross section becomes about twice as that with f s = 0.009. In the regions where the masses of the stau and neutralino are not degenerated, the SI cross section is marginally consistent with the current experimental bound from the XENON100. In the region where the coannihilation takes place, the cross section is somewhat smaller and the current bound can be avoided easily, but the cross section is still large due to the non-negligible mixing between the bino and Higgsino. At the XENON1T experiment, the sensitivity is expected to improve two order of magnitude with 2 years operation [33] , and the whole regions consistent with the observed dark matter abundance will be covered. Note that in the region where the mass difference is smaller than the tau mass, the life-time of the stau is long and can be detected at the LHC using charged track [35] .
The XENON100 experimental data also constrains the spin-dependent (SD) cross section [36] . However, more stringent constraint comes from IceCube experiment.
IceCube
The high energy neutrino flux is induced by the neutralino anihilation in the Sun. This neutrino can be detected by IceCube experiment, and due to the absence of positive signals, the size of the neutralino-necleon scattering cross section determining the capture rate in the Sun is bounded from above. The current bound of the SD cross section between the proton and neutralino is given by [14] σ SD 10 −40 cm 2 for m χ 0 1 = (100 − 500) GeV,
where the neutralinos annihilate into W + W − , exclusively. In our case, the neutralinos dominantly (but not exclusively) annihilate into top pairs apart from the coannihilation region, and the constraint is close to Eq. (10) [37] .
In 
Conclusions and discussion
The focus point gaugino mediation model with O(100) GeV gravitino is consistent with the observed Higgs boson mass with the mild fine-tuning. We have shown that the thermally produced bino-like neutralino can explain the present dark matter density. The scattering cross section between the neutralino and neucleon is rather large as a consequence of the sizable Higgsino fraction, and hence, some of the region is already excluded by the XENON100 experiment. The other regions are also expected to be tested at the future dark matter experiments such as XENON1T and IceCube.
Finally, let us discuss the ratio of the gluino mass to wino mass, M 3 /M 2 = 0.37−0.38 ∼ 3/8, which is crucial for the mild fine-tuning of ∆ 100. As shown below, this gaugino mass ratio can be obtained as a result of more fundamental physics. Suppose that there exists a non-anomalous discrete R-symmetry Z N R in the more fundamental theory and the present model is its low-energy effective theory. The mixed gauge anomalies Z N R -SU(2)-SU(2) and Z N R -SU(3)-SU(3) in the present model are given by [38, 39] A 2 = 4 + n g (3 · r 10 + r5 − 4) + (r u + r d − 2),
where 
By using above conditions, A 2 and A 3 become
Requiring that µ term is generated by Giudice Masiero mechanism [40] or R-breaking mechanism [41] , we get r u + r d = 0 mod N (and r u + r d = 2). As a result, mixed gauge anomalies become
We suppose that these anomalies are cancelled by a shift of the imaginary part of the Polonyi field Z. The relevant terms are given by
where (W 
Let us now assume even number of N, since otherwise the R-parity is broken by the constant term of the superpotential [42] and see if the ratio of the gluino mass to wino mass M 2 /M 3 = k 2 /k 3 = 8/3 can be obtained. In the minimal case Z 4R , solutions which satisfy the condition k 2 /k 3 = 8/3 are given by
where n, m and l are integers. Because of the condition for k 2 , there is no solution in Z 4R . The next minimal case is Z 6R and solutions in this case are given by
We see a solution n = 2, m = 1 gives the desirable gaugino mass ratio
. It is very surprising that the minimal and non-trivial solution (m = 0) is found. These non-universal gaugino masses may be consistent with the product group unification [43] .
It might be interesting to know that the desirable ratio can be obtained also when the wino mass and gluino mass are simply proportional to
) is a dimension of an adjoint representation of SU(2) (SU(3)). We will discuss such more fundamental theories in a future publication. 
